Hypertensive disorders (HTD) during pregnancy remain a major health issue for women and their infants worldwide. Preeclampsia, either alone or superimposed on pre-existing (chronic) hypertension, presents a major risk to mothers.
An estimated 15 to 20% of all preterm births are attributable to preeclampsia. 2 The associated complications of prematurity are inversely related to gestational age at delivery. 3, 4 Bronchopulmonary dysplasia (BPD), a chronic lung disease that occurs in very preterm infants arises from arrested alveolar and vascular development of the lungs, reduces their capacity for gas exchange and results in the affected newborn infants being chronically dependent on oxygen therapy and respiratory medications, and consequently at increased risk for rehospitalizations during the first years of life. More severely affected patients will need tracheostomy, ventilatory support, and oxygen therapy at home and face an increased risk of death.
5
It is not yet fully known whether HTD during pregnancy impose an increased risk of developing BPD in preterm newborn infants of affected mothers. The findings of studies that assessed this association are still inconclusive. Some studies found an increased incidence of BPD in preterm infants exposed to HTD in mothers, 6, 7 and some found increased incidence of BPD in infants exposed to preeclampsia alone. 8, 9 On the other hand, a study by Yen not find any association between preeclampsia in mothers and BPD in extremely low birthweight preterm infants (<28 weeks/ < 1000 g of birthweight), as well as BPD in those with less than 32 weeks of gestation time. A recent publication from the EPIPAGE-2 Cohort study 13 concluded that placenta-mediated pregnancy complications with fetal consequences are associated with moderate-to-severe BPD in very preterm infants, independent of gestational age and birthweight, but isolated maternal HTD are not. With this study, we expect to contribute to the current literature on the clinical association between pregnancy HTD in mothers and BPD in infants. Our aim was to test the hypothesis that preeclampsia and other HTD in mothers are associated with the development of BPD in preterm newborn infants with a gestational age of less than 30 weeks, employing a sample of prospectively recruited mothers and infants at 11 level III Portuguese neonatal centers.
Materials and Methods
A prospective study had been performed at 11 level III obstetrical and neonatal Portuguese centers between January 1, 2015 and December 31, 2016. The study protocol was approved by the Ethics Committees of all centers, and informed consent was provided and signed by all adult participants.
In this study, preterm newborn infants with a gestational age between 24 weeks and 30 weeks (24 weeks and 0 days to 29 weeks and 6 days inclusive), born of mothers who had been observed during pregnancy, were enrolled. In Portugal, the surveillance of pregnancy includes a preconceptional consultation, the first postconceptional consultation as soon as possible before 12 weeks, then after 4 to 6 weeks until 30 weeks' gestation, every 2 to 3 weeks until 36 weeks, and 1 to 2 weeks until delivery. The number of consultations may be adapted when a pathology or a risk factor is observed. Pregnant blood pressure is recorded in each consultation. Infants data were collected prospectively during the time between birth and until they were discharged from the neonatal intensive care unit (NICU). We included multifetal pregnancies as several studies demonstrated that multiple gestation pregnancies are not risk factors for BPD.
14-16 Exclusion criteria included the following: absence of informed consent, outborn newborn infants, those affected by a Toxoplasmosis, Other, Rubeola, Cytomegalovirus, Herpes (TORCH; "Other" infections include syphilis, hepatitis B, coxsackievirus, Epstein-Barr virus, varicella-zoster virus, enteroviruses, human immunodeficiency virus, tuberculosis, and parvovirus B-19) infection, a major congenital anomaly, a chromosomal defect, asphyxia (pH 7.0 and/or Apgar score at 5 min <3), fetal-fetal transfusion syndrome, fetal growth discrepancy in multiple pregnancies (difference > 20%), severe anemia at admission, diagnosis of an inborn metabolic disorder performed at prenatal consultation or during the neonatal period, and diagnostic suspicion of a neuromuscular disease. A prestructured data form, including data on demographics, pregnancy, delivery, neonatal morbidity and outcome, necropsy study of the deceased patients, and placental histology, was completed for each infant.
Hypertension during pregnancy and preeclampsia were defined according to the definition of the American College of Obstetricians and Gynecologists. 17 For the analysis of this study, we considered BPD in infants as dependency on oxygen treatment until 36 weeks of corrected age. A full cycle of antenatal steroids was considered in our data analysis when at least 12 hours had elapsed after the last dose of dexamethasone (four doses of 6 mg of dexamethasone given intramuscularly 12 hours apart) or betamethasone (two doses of 12 mg of betamethasone given intramuscularly 24 hours apart) was administered to the mother, as per the National Institutes of Health's (NIH) Consensus Development Panel on the Effect of Corticosteroids for Fetal Maturation on Perinatal Outcomes. 18 An incomplete cycle was considered when at least 12 hours had elapsed after the first dose of dexamethasone or betamethasone administration, and a full cycle was not completed. Antenatal magnesium sulfate for fetal neuroprotection was considered if the mother received a 4 g intravenous (IV) loading dose over 30 minutes, followed by a 1 g/h maintenance infusion until birth. 19 Clinical chorioamnionitis was defined as maternal fever combined with two or more findings of maternal tachycardia, fetal tachycardia, leukocytosis and/or elevated C-reactive protein, uterine tenderness, and/or malodorous amniotic fluid. 20 Histological chorioamnionitis was defined as infiltration of polymorphonuclear leukocytes in the fetal membranes and chorionic plate; chorionic vasculitis was defined as infiltration of polymorphonuclear leukocytes in the wall of chorionic vessels and funisitis as the presence of these cells in the umbilical cord blood vessels' wall and Wharto'́s jelly. 21 The definition of cervical insufficiency was established clinically or was considered as a dilation of internal cervical with shortening of the cervix less than 25 mm and "funneling" of 25% and more found upon ultrasound examination of the cervix. 22 Placental abruption was defined as a premature separation of the placenta before delivery. 23 Two groups were considered for the time length of rupture of membranes before birth-less than 24 hours and longer than 24 hours. Gestational age (considered in complete weeks) was assessed by date of embryo transfer (for in vitro fertilization), menstrual age (women with regular menstrual cycles), ultrasound examination (when a discrepancy of one or more weeks existed between the age derived by menstrual dating and the age derived sonographically, or in the absence of a menstrual date), 24 or the New Ballard Score (in the absence of obstetrical indices). 25 Small birth weight for gestational age was defined as birthweight below the third percentile of Fenton's fetal growth charts.
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All participating centers use the same delivery room resuscitation practices and NICU treatment guidelines for preemies treatment, according to the guidelines of the Portuguese Society of Neonatology (available at www.lusoneonatologia.com). We counted early nasal continuous airway positive pressure (early NCPAP) in our analysis if it started in the first 15 minutes after birth.
Respiratory distress syndrome (RDS) was defined and treated according to the European Consensus on RDS of 2013.
27
Non-invasive ventilation is preferred in preterm newborn infants with respiratory drive. Conventional mechanical ventilation is used in cases of NCPAP failure or preterm infants without respiratory drive. Only one center uses high-frequency oscillatory ventilation (HFOV) as the primary mode; all other centers use HFOV as rescue ventilation. The strategy of permissive hypercapnia is advocated in all centers. Caffeine citrate had been routinely used since day 1 of life, independent of apnea, until 34 weeks of gestational age. Oxygen was used to maintain saturations given by pulse oximetry (SpO 2 ) in the range of 90 to 95%, and over 95% in patients with established BPD or over 36 weeks post-menstrual age. 28 Parenteral nutrition is used by all centers as soon as there is clinical stability, preferably since day 1 of life, starting with a volume of 70 mL/kg/day, with daily increments until 150 mg/kg/day by day 7 of life. Incubator humidity is usually 70% during the first week. Hemodynamically significant patent ductus arteriosus was screened and diagnosed on the basis of the echocardiographic findings according to our national guidelines. There were 69 deaths of infants before 36 weeks of gestational age, and 425 newborns were alive at 36 weeks of gestational age, of whom 119 (28%) developed BPD. Data on mother, gestation, delivery, and demographics are reported in ►Table 1. There were no significant differences found in neuroprotection use with magnesium sulfate, rupture of membranes over 18 hours, C-section rates, clinical chorioamnionitis, abruptio placentae smoking, alcohol, and drugs use between BPD and non-BPD patients. All four considered groups of pregnancy HTD occurred more frequently in the BPD group, with statistical significance for the preeclampsiaeclampsia group. As expected, BPD patients presented with a lower birthweight compared with no-BPD patients. Overall, neonatal morbidity and mortality are described in ►Table 2. 
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The multivariate analysis by logistic regression including all risk factors for BPD (gender, gestational age, birth weight, maternal age, multiple pregnancy, intrauterine growth restriction, other pregnancy pathologies, RSD, mechanical ventilation, hemodynamically significant patent ductus arteriosus, pneumonia, and nosocomial sepsis) revealed that preeclampsia-eclampsia was an independent risk factor for BPD in this sample (►Table 3). Chronic arterial hypertension with superimposed preeclampsia in mothers had a protective effect in BPD development among infants, compared with those with preeclampsia-eclampsia only.
Mother's age, gestational diabetes, and days of mechanical ventilation were associated with BPD in neonates in this sample. Mother's age is a continuous variable; the odds ratio (OR) increases for each advancing year.
Discussion
The objective of this study was to assess if preeclampsia and other HTD of pregnancy are associated with the development of BPD in preterm newborn infants with a gestational age of less than 30 weeks. According to our results, only preeclampsia showed a significant association to the development of BPD. Chronic hypertension, chronic hypertension with superimposed preeclampsia and gestational hypertension did not show a significant association to BPD. Some studies reporting an increased incidence of BPD in infants exposed to preeclampsia have already been published.
8,9
Another interesting finding of our study was that preexisting chronic arterial hypertension in mothers developing preeclampsia presented "protective" odds of developing BPD. As far as we know, this is a novel finding and deserves further research. Although chronic arterial hypertension has been associated to placental underperfusion and increased risk for BPD, 6, 7, 36 we speculate that a mechanism of accelerated lung maturation may be present, which decreases the deleterious effect of the preeclampsia on fetal lung development. This finding needs further confirmation by other studies regarding the effect of HTD during pregnancy on BPD.
Another finding in the multivariate analysis of our study was that increasing age of the mother was a risk factor for BPD. It is known that preeclampsia is more common in primigravida women and age greater than 40 years of age increases risk as does a previous history of preeclampsia.
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Preeclampsia was the only antenatal pathology that was more prevalent in the women included in this study, and BPD group were older than no-BPB mothers, suggesting that an increase in mothers age will increase the risk for preeclampsia and consequently for BPD in offspring.
BPD is the most common form of chronic lung disease in infancy. 37 At present, BPD primarily occurs in extremely premature infants (23-29 weeks of gestation) born during the late canalicular/early saccular stage of lung development and is characterized by arrested alveolarization, abnormal microvascular angiogenesis, and inter-alveolar fibrosis.
38
With progress at the medical treatment level, an increasing number of premature BPD infants are born, and they are at increased risk for numerous complications and re-hospitalization since BPD affects many vital organ systems.
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The pathogenesis of BPD is multifactorial, and a complex view of this issue ("multiple hits" hypothesis) has emerged, which includes along with low gestational age and birthweight, antenatal exposure to a proinflammatory environment, and various postnatal inflammation-triggering events, such as mechanical ventilation, oxidative stress, sepsis, patent ductus arteriosus, and excessive fluid volume administration.
17,39-43 Our results found similar risk factors for BPD as those described in literature. Although the pathophysiology of preeclampsia is poorly defined, evidence suggests that abnormal placentation, characterized by shallow invasion of maternal arteries, compromises uterine blood flow at the expense of the growing placenta and fetus. 44 The resulting hypoxia and ischemia may restrict fetal angiogenesis. 45 Considering the growing evidence suggesting that preservation of in-utero vascular growth is critical for maintenance of alveolarization ("vascular hypothesis of BPD"), it is possible that preeclampsia may alter critical lung vessel interactions necessary for normal lung development. Further research is needed to better understand the biological mechanisms linking in utero disruption of angiogenesis, including preeclampsia, and resultant impairments in fetal growth on important neonatal outcomes. 47 Increasing circulating soluble Flt-1, a soluble form of VEGF receptor-1 that can bind both VEGF and placenta growth factor (PGF), was thought to be responsible for the pathogenesis of preeclampsia through impairing the angiogenic state. In developing lungs, disruption of VEGF signaling impairs angiogenesis and decreases alveolarization.
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A recent study by Hansen et al with 107 preterm infants (23-32 weeks of gestational age) showed that maternal preeclampsia was associated with an increased risk for development of BPD in infants. In a study by Soliman, 12 maternal preeclampsia was not a significant risk factor for BPD in a cohort of 319 infants with a gestational age below 32 weeks. The study by Soliman et al differs from our study mainly in the fact that we included infants with gestational age below 30 weeks, a group in which the association between maternal preeclampsia and infants' BPD is much stronger. By excluding older infants (30-32 weeks) in which the risk of developing BPD is significantly lower, we have increased the predictive power of this study. In the study by Ozkan et al, 9 which included 332 preterm infants born under 32 weeks of gestational age, there was a significant association between maternal preeclampsia and BPD. However, in this study, pregnancies affected by chorioamnionitis, cigarette smoking, prolonged rupture of membranes, diabetes, and use of any medication due to maternal diseases during pregnancy were excluded. These exclusion criteria selected a different sample of patients and could have been responsible for the more powerful association observed between maternal preeclampsia and BPD. Additional studies have shown that BPD occurs in cases of mothers with preeclampsia that is severe enough to cause intrauterine growth restriction.
14 One systematic review of 15 studies (20,779 patients) found an association between maternal arterial HTD and BPD, although because of substantial heterogeneity and possible publication bias, this result should be interpreted cautiously.
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Another finding of our study was that maternal gestational diabetes was an independent risk factor for infants' BPD development. This finding is not new, although recent literature on this issue suggests that well-controlled maternal gestational diabetes does not impose an increased risk for infants' BPD.
48-50
A limitation of this study is the fact that maintaining peripheral saturations 90 to 95% early and over 95% once 36 weeks may affect generalizability of our results. A significant proportion of the US and other countries centers target 87 to 93% (or thereabouts) prior to 33 to 34 weeks then over 90% afterward, and BPD rates are different among centers that use different criteria.
In conclusion, the results of this study contribute to the scientific evidence that maternal preeclampsia-eclampsia is a significant independent risk factor for BPD. Furthermore, our results suggest that maternal chronic arterial hypertension may serve as a protective barrier for BPD when mothers develop superimposed preeclampsia-eclampsia during pregnancy. Our results may be used in future meta-analyses to further clarify the role of HTD during pregnancy on BPD of preterm newborn babies.
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